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Abstract
To release the delayed cost caused by irregular ﬂight, this paper puts forward a new model and optimization algorithm
on the basis of the extenics. A part of the delayed cost is indirect cost, but few authors considered it and all of models
rarely solved it. In this paper, based on membership function and fuzzy language operator , a evaluation model for
indirect cost has been proposed to solve how to reduce indirect cost and improve the service after irregular ﬂight. The
feasibility of the model is veriﬁed by the simulation results.
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1. Introduction
Irregular ﬂight refers to any ﬂights that are delayed, canceled or land at the alternate airport due to bad
weather, mechanical failure, traﬃc control and some other reasons. Problems raised by irregular ﬂights
cause passengers great inconvenience, as well as tremendous economic losses to airlines. Irregular ﬂight
caused by diﬀerent reasons has brought problems for passengers, and airlines incurs huge economic losses
and their credibility has been aﬀected. Therefore, irregular ﬂight issue has played a key role in operating
eﬃciency and service quality of air transport system.
Currently, in[1], [2], researches on the calculation of economic losses caused by irregular ﬂight have
made some achievements, based on direct estimation of delayed cost in the use of aircraft operating cost.
In [3], [4], through the calculation of the value of time, researchers study economic losses after irregular
ﬂight. Many factors have been taken into consideration in the calculation, such as airline, passenger, and
airport [5]. And the calculation of delayed cost can be divided into two parts: air delayed cost and ground
delayed cost [6].
Such study in China is still at an early stage. Most of the study has only focused on the air traﬃc ﬂow
management, and there is no thorough study on the calculation of the air delayed cost [7] and the consid-
eration of time value. Yefu Du has conducted preliminary estimation on the delayed cost [8]. Min Feng
Email addresses: xin.gu.220104@gmail.com (Xin Gu), mingchul@dlut.edu.cn (Mingchu Li),
dlut_riddleleo@foxmail.com (Shuzhen Xu)
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of Elhadi M. Shakshuki
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1054   Xin Gu et al. /  Procedia Computer Science  19 ( 2013 )  1053 – 1058 
and He Li provide a comparative analysis between direct and indirect method of delayed cost model [9].
Xiong Li, Guangcai Liu have established delayed cost model using the relationship between the airlines and
aircrafts from the macroeconomic point of view, and used the data of ﬂight model costs to estimate the direct
economic losses of delayed cost in 2004 and 2005 [10].
This paper is organized as follows. In Section 2, we present the structure of delayed cost. In Section 3,
we give a model of indirect cost based on membership function and fuzzy language operator. Section 4
presents the veriﬁcation on the feasibility of model. Conclusion is given in Section 5.
2. Delayed Cost Structure
The delayed cost can be divided into direct cost and indirect cost. Direct cost means direct economic
losses, including cost of ground delay, cost of air delay. Indirect cost refers to the potential losses that
frequent irregular ﬂights make passengers lose faith to airline.
2.1. Direct Cost
The cost of ground delay refers to the cost incurred when the ﬂight can not take oﬀ due to air traﬃc
control or bad weather, namely just wait-ing on the ground. The cost is directly related to aircraft operation
costs. The cost of air delay refers to the cost incurred when the actual ﬂight time is beyond the scheduled
time. Here we do not distinguish between air and ground delayed cost, both are aircraft delayed cost.
(1) Airline operating cost per unit time
UOCf =
OCi
FTi
(1)
where UOCf is the operating cost of ﬂight f in an unit time , i is the index for aircraft , OCi is annual
operating cost of aircraft , FTi is the average annual transport time of aircraft , f is the index for ﬂight.
(2) A single operating delayed cost
ADDCf = UOCi × DTi (2)
where ADDCf is the operating delayed cost of ﬂight, UOCf is the operating cost per unit time, DT f is the
delayed time of ﬂight f , f is the index for ﬂight.
(3) Total operating delayed cost
TADDC =
∑
f∈F
ADDC f (3)
where TADDC is total operating delayed cost, ADDCf is the operating delayed cost of ﬂight f , F is a set
of ﬂight, f is the index for ﬂight.
2.2. Indirect Cost
The deﬁnition of potential overﬂow cost is described: due to ﬂight delay or cancelation, passengers are
unable to reach the destination, leading to make credibility of airline drop, and then passengers will give up
the airline and choose another airline. Therefore, the airline not only suﬀers economic losses, but also loses
customers.
The potential overﬂow cost is as follows [11]:
P = v × w × u (4)
where v is the number of passenger, w is the average fare, u is the rate of potential loss.
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2.3. Total Delayed Cost
Total delayed cost consist of direct cost and indirect cost as follows:
M = min(
∑
f∈F
C fd +
∑
f∈F
Pf ) (5)
C fd = C f × d f (6)
Pf = v f × wf × u f (7)
where M is total delayed cost, C fd is the operating delayed cost of ﬂight f , C f is the operating cost of
ﬂight f in unit time, d f is the delayed time, Pf is the potential overﬂow cost, v f is the number of passenger
in the ﬂight f , wf is the average fare of ﬂight f , u f is the rate of potential loss.
3. A Model for Indirect Cost
In this section, Firstly, we establish evaluation index, then we present our multilevel fuzzy evaluation
model , and at last we calculate membership function in the use of fuzzy language operator.
3.1. Evaluation Index
According to Claes Fornell’s [12] passenger satisfaction index theory, passengers’ expectations and
perceptions of service are determined on the passengers’ evaluation. However, we are unable to directly
measure the passengers’ evaluation on irregular ﬂight, and we need to establish evaluation index. At present
there is no uniform evaluation standard of irregular ﬂight, combing with the analysis of passenger behavior
to choose indexes during irregular ﬂight. Finally, according to the demand of passengers, we learn from
”Sweden customer service evaluation criteria” [13], and improve the standard of index system, and design a
three level scheme, including four indexes in the second level, and thirteen indexes in the third level.
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Fig. 1. Index System
3.2. Multilevel Evaluation Model
Due to the complexity of irregular ﬂight, the various demands of passengers and passengers’ subjective
attitude [14], [15], non-ﬁltering state data as a measure of passengers’ evaluation level is not accurate.
Therefore, passengers’ evaluation based on fuzzy mathematics is more suitable. According to characteristics
of the index level, in this section, we choose multilevel fuzzy comprehensive evaluation model to estimate
passenger [16] satisfaction.
1. Weights
Although there are many methods about the weights, all of investigated samples use the same weight
of index, which does not reﬂect passengers’ expectations and preferences, and we need use variable weight
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Table 1. Flight Schedule
Flight No. Airport Estimated Ready Time Scheduled Ready Time Start Time End Time Passengers Average Price
f1 s1 500 500 500 1650 500 870
f2 s1 700 700 700 1800 550 790
f3 s1 730 730 730 1930 580 570
f4 s1 900 900 900 2130 700 800
f5 s2 800 840 2200 820 1250
f6 s2 1010 1100 2100 210 2130
f7 s3 1040 1120 2050 200 990
f8 s4 1150 1230 2200 120 1560
f9 s5 1240 1320 2150 100 1890
f10 s6 1350 1430 2210 230 1760
f11 s7 1430 1510 2300 290 2910
f12 s7 1600 1640 2230 120 1800
on the basis of individual diﬀerences. Extension association function is based on extension ﬁeld, which can
accurately describe the relationship between point and interval, interval and interval with quantitative form.
In a passenger survey based on psychology and measure principle, our evaluation is divide into ﬁve
levels , namely evaluation = {more satisﬁed, satisﬁed, general, dissatisﬁed, more dissatisﬁed}, expressed as
G = {G1,G2,G3,G4,G5}. Index interval is the range of [0, 100], we set all index interval from low to high:
more dissatisﬁed is [0, 10], dissatisﬁed is [10, 40], general is [40, 60], satisﬁed is [60, 90], more satisﬁed is
[90, 100].
2. Membership Function
On people’s behavior survey, we usually use ”very”, ”can”, ”basic”, ”probably” and other words like
these to express views on the service, it cannot be surely the real idea. Taking into account the inﬂuence
of various factors and language characteristics, we choose fuzzy language operator for the calculation of
membership function.
θi j(uei,Uji) =
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
uei−u jmini
u jmaxi−u jmini , uei ≤ u jmaxi
u jmaxi−uei
u jmaxi−u jmini , uei ≥ u jmaxi
(1) θi jmax = max{θi j(uei,Uji)} (2)
wi = n(Ji)θi
/∑13
i=1
n(Ji)θi (3) (Hλ A∼
)(u)Δ
=
[A∼
(u)]λ (4)
(satis f ied)(u) = (H1.5 A∼
)(u) = [A∼
(u)]1.5 = (more satis f ied)(u) = (H2.5 A∼
)(u) = [A∼
(u)]2.5 ={
0 0 ≤ u ≤ 40
[1 + ( u−405 )
−2]−1.5 40 ≤ u ≤ 100 (5)
{
0 0 ≤ u ≤ 60
[1 + ( u−605 )
−2]−2.5 60 ≤ u ≤ 100 (6)
Formula 1: uei is the value of investigated individual on the index i, Uji is the interval of index i on
level j, namely Uji =< Ujmini,Ujmaxi >, θi j(uei,Uji) is the extension degree of association between uei and
the interval Uji; Formula 2, 3: set θi = 1 + θi jmax (uei,Uji), n( j) is the number of indexes that belong to level
j, Ji is the level of index i, wi is the evaluation weight; Formula 4: A∼
is a fuzzy subset of domain u, Hλ is
the language operator, λ is a positive real number; Formula 5, 6: when λ > 1, it is known as the centralized
operator, It can strengthen the language to express the degree of certainty, the higher it is, the stronger
certainty is. Conversely, when λ < 1, it is known as the discrete operator, it can properly reduce degree of
certainty. For example, H1.5 is ”basic” operator, H2.5 is ”very” operator. In the determination of λ, we can
select λ by referring to language frequency and normal distribution.
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4. experiments and Results
In order to analyze the multilevel evaluation model. We use the data [16] in the Table 1 and compare the
results with ones’.
In these articles, the objective function is to minimize the delayed cost. Minimum delay time is 340
minutes, according to formula u =
3√
(t/60)2
29 referring to the rate of potential losses, the result is 0.1096, and
potential overﬂow cost is 89409.
First of all, we collect all of evaluations, and then use language records and scores to collect comments.
The collected data is aggregated, the result is :
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
V11 V12 V13 V21 V22 V23 V31 V32 V33 V34 V41 V42 V43
25 25 35 15 35 15 40 60 70 30 75 50 80
36 36 38 20 38 20 39 55 52 38 69 43 77
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
where evaluation indexes are in the ﬁrst row, the scores of the indexes are in the second row, the scores
of the indexes calculated by fuzzy language operator is in the third row, the degree of membership that is
multiplied by the length of interval obtains a new score. Satisfaction evaluation is performed according to
the following steps:
1. Set of index
The sets of index are V = {V1,V2,V3,V4,V5}, S = {S 1, S 2, S 3, S 4, S 5} is the set of scores, where S i
corresponds to the score of level i, the set of score adopts arithmetic progression or step function.
2. Weights
According to extension weights, we know θV11,1 = (−1.5, 0.5,−0.75,−1.167,−6.5), θV11,1max = 0.5,
θV11 = 1.5, JV11 = 2. The other evaluation indexes weights in their individual interval are calculated in the
same way:
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
θi
Ji
w
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦ =
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
1.5 1.5 1.83 1.17 1.83 1.17 2 2 1.33 1.67 1.5 1.5 1.67
2 2 2 2 2 2 2 3 4 2 4 3 4
0.31 0.31 0.38 0.28 0.44 0.28 0.38 0.18 0.13 0.31 0.38 0.19 0.43
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
With the same steps, we ﬁgure out the weights of scores calculated by fuzzy language operator. The
results are
Hλ(w) = [ 0.33, 0.33, 0.34, 0.29, 0.42, 0.29, 0.35, 0.16, 0.14, 0.35, 0.38, 0.17, 0.45 ].
The ﬁnal indexes weights are calculated by the weighted average of two sets of weights, so
−
w = [0.32, 0.32, 0.36, 0.285, 0.43, 0.285, 0.365, 0.17, 0.135, 0.33, 0.38, 0.18, 0.44, 0.45].
Through the indexes weights of level three multiplied by the weighted average, we ﬁgure out the scores
of the indexes in the second level, then use the extension weight formula again.
W = (0.061916 0.037971 0.331813 0.569441)
3. Fuzzy Evaluation
According to bi∼
= wi∼
◦Ri∼ and linear membership function, we ﬁgure out the set of fuzzy evaluation,
where wi∼
is the weight set of index Vi:
b1 = w1 ◦ R1 =
[
0.32 0.32 0.36
]
◦
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
0.83 0.17 0 0 0
0.79 0.21 0 0 0
0 0.58 0.42 0 0
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦ =
[
0.5184 0.3304 0.1512
]
Other sets of evaluation are ﬁgured out with the same method. Based on formula B∼
= W ◦R∼ , the set of
fuzzy comprehensive evaluation is
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B∼
= W ◦R∼ =
[
0.06916 0.03797 0.331813 0.569441
]
◦
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
0.5184 0.3304 0.1512 0 0
0 0.18160 0.37195 0.44745 0
0 0 0.09095 0.4085 0.5
0 0 0.0572 0.2596 0.6932
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
=
[
0.036 0.029 0.101 0.300 0.582
]
4. Analysis
With the set of fuzzy comprehensive evaluation multiplied by the length of interval, we obtain passen-
ger’s score of evaluation: E = E(B∼
) = 10∗0.036+40∗0.029+60∗0.101+90∗0.300+100∗0.582 = 92.78.
According to the results, we know the passengers’ evaluation, the rate of the potential losses u = 1 − E100 is
equal to 0.072, and the lowest cost is 58899. The rate of potential loss in this paper is lower than the result
in other articles, and the cost is reduced by 30510.
We can ﬁgure out the score of evaluation on the index of the ﬁrst level by set of fuzzy evaluation.
we take index V1 for example, the score is E = 10 ∗ 0.32 + 40 ∗ 0.32 + 0.36 ∗ 60 = 37.6, it shows that the
passengers’ evaluation of the delayed time is ”not satisﬁed”, so the service departments should pay attention
to delayed time in the future and promptly save the delayed time. While the score of index V4 is 83, which
shows that the passengers’ evaluation of airport service process is ”satisﬁed”.
5. Conclusion
This paper presents a multilevel evaluation model and a new algorithm based on extension weights and
fuzzy language operator. An example veriﬁed that the model is practical in reducing potential overﬂow cost
and the rate of potential loss. The new algorithm may improve the rate of potential loss practical by applying
extension method to replace original formula. What’s more, it incorporates a variety of factors on irregular
ﬂight to eﬀectively reduce the error and reﬂect the passengers’ real opinions. The model does not contain
all the cost required for irregular ﬂight, and it just includes the cost of ground delay and ﬂee substitution.
These are the further directions to improve in the next step.
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